The interplay between LKB1 and PAR1 has also been documented in non-mammalian systems. The equivalent of LKB1 in the nematode worm Caenorhabditis elegans was classified within the 'partitioning defective' (Par) group of genes, which are implicated in the regulation of asymmetric cell division in the early embryo; Par4 appears to be the worm LKB1 orthologue. The phenotypic effects of inactivating Par4/LKB1 or Par1 are similar, suggesting that the two protein products of these genes cooperate in a kinase cascade in this organism too [13] . Similarly, Drosophila PAR1 functions to establish polarity of the fly egg chamber and embryo, and the consequence of loss of LKB1 activity is disruption of the normal polarised cell morphology in epithelial follicle cells [14] . Furthermore, overexpression of LKB1 can partially rescue the par1 mutant phenotype. These results, in worms and flies further re-inforce the connection between the LKB1 and PAR1 kinases in the regulation of cell polarity.
tested against a wide range of substrates. Recently, however, it has been shown that the pseudokinase STRAD associates with, and activates, LKB1 [8] . This unlocking of the cryptic activity of LKB1 has allowed the controlled expression of kinase activity in gut epithelial cells by manipulating levels of STRAD. This results in the reorganisation of non-polarised cells so that they form asymmetrical apical and basal structures, including a brush border [4] . Polarisation occurs despite the absence of contact with neighbouring cells, and even in cells in suspension. Conversely, depletion of LKB1 in intestinal epithelial cells prevents normal polarisation when the cells form a confluent monolayer.
The mechanism by which LKB1 induces polarisation may involve another group of mammalian serine/ threonine kinases, collectively termed the PAR1 family. LKB1 associates with PAR1 [9] and causes its phosphorylation and activation [10, 11] . Expression of a dominant-negative PAR1 in mammalian cells growing in a polarised confluent sheet disrupts the planar symmetry of the epithelium, resulting in heaping up of cells [12] . Such a process could easily contribute to the transformed phenotype in cells where PAR1 activity is impaired by loss of functional LKB1.
The interplay between LKB1 and PAR1 has also been documented in non-mammalian systems. The equivalent of LKB1 in the nematode worm Caenorhabditis elegans was classified within the 'partitioning defective' (Par) group of genes, which are implicated in the regulation of asymmetric cell division in the early embryo; Par4 appears to be the worm LKB1 orthologue. The phenotypic effects of inactivating Par4/LKB1 or Par1 are similar, suggesting that the two protein products of these genes cooperate in a kinase cascade in this organism too [13] . Similarly, Drosophila PAR1 functions to establish polarity of the fly egg chamber and embryo, and the consequence of loss of LKB1 activity is disruption of the normal polarised cell morphology in epithelial follicle cells [14] . Furthermore, overexpression of LKB1 can partially rescue the par1 mutant phenotype. These results, in worms and flies further re-inforce the connection between the LKB1 and PAR1 kinases in the regulation of cell polarity.
How does the LKB1/PAR1 cascade interact with the cellular machinery to generate polarity? Cell polarisation requires asymmetry in the localisation of structural components including microtubules, and it may be that these structures are targeted by LKB1, via PAR1. In support of this, two members of the mammalian PAR1 family were initially characterised in a screen for kinases able to phosphorylate microtubuleassociated proteins [15] , an event which destabilises microtubules and leads to their dissociation into tubulin subunits. The coordinated dissociation and reassociation of tubulin is essential to asymmetric microtubular function in a number of processes including mitotic spindle formation. As well as effects on cellular polarity, downregulation of proliferative signalling may be a consequence of PAR1 acting downstream from LKB1. PAR1 is known to phosphorylate and activate Dishevelled [16] , a key component of the Wnt pathway that is upregulated in most colorectal cancers. So LKB1 might regulate Wnt signalling through its interaction with PAR1, and some recent observations support this conjecture [10, 17] .
There is increasing evidence that LKB1 is a master kinase which, when associated with STRAD, can phosphorylate a number of mammalian kinases related in sequence to PAR1 [11] . Of particular importance is the demonstration, by several groups [5] [6] [7] , that LKB1 is an activating upstream kinase for AMPK. AMPK plays a key role in controlling the energy charge of the cell, and an upstream AMPK kinase has long been sought. LKB1 and STRAD co-purify with a cellular extract that phosphorylates and dramatically activates AMPK in vitro [5] . This unexpected result has been convincingly confirmed in cells; agents such as H 2 O 2 activate AMPK in wild-type mouse embryonic fibroblasts, but not in cells lacking LKB1 [5] [6] [7] .
Phosphorylation and activation of AMPK redirects cell metabolism towards generation of ATP, and away from energy-requiring macromolecular synthesis such as that required for cell division [18] . Therefore cells in which LKB1 activity has been lost may enjoy a proliferative advantage (Figure 1 
